Abstract Purpose Recently, the cross-cultural adaptation of the Work Role Functioning Questionnaire to Spanish was carried out, achieving satisfactory psychometric properties. Now we examined the reliability and validity of the adapted [Work role functioning questionnaire-Spanish version (WRFQ-SpV)] in a general working population with and without (physical and mental) health issues to evaluate its measurement properties. Methods A crosssectional study was conducted among active workers. For reliability, we calculated Cronbach alphas to assess 'internal consistency', and the standard error of measurement (SEM) to evaluate 'measurement error'. We assessed the 'structural validity' through confirmatory factor analyses and 'construct validity' by means of hypotheses testing. The consensus-based standard for the selection of health status measurement instruments (COSMIN) taxonomy were used in the design of the study. Results A total of 455 workers completed the questionnaire. It showed excellent internal consistency (a = 0.98). The SEM for the overall scale was 7.10. The original five factor structure reflected fair dimensionality of the construct (Chi square, 1,445.8; 314 degrees of freedom; root mean square error of approximation = 0.08; comparative fit index [0.95 and weighed root mean residual [0.90). For construct validity, all hypotheses were confirmed differentiating groups with different jobs, health conditions and ages. Moderate to strong correlations were found between WRFQ-SpV and a related construct (work ability). Conclusions Our study provides evidence of the reliability and validity of the WRFQ-SpV to measure health-related work functioning in day-to-day practice and research in occupational health care and the rehabilitation of disabled workers. It should be useful to monitor improvements in work functioning after implementing rehabilitation and/or accommodation programs. Longitudinal studies are needed to assess the responsiveness of the questionnaire.
Introduction
Increasing life expectancy in developed countries and delayed retirement age are increasing the overall age of the workforce. Aging workers are more likely to have chronic health issues and a certain degree of disability, but most are able to maintain job competence with some workplace adjustments and/or rehabilitation programs [1] [2] [3] [4] . Also, there is evidence showing that work has positive health effects when conditions are reasonably acceptable; therefore, promoting an active working life is recommendable [5, 6] .
Quality work functioning tools are required to obtain valid measurements to evaluate the impact of health on work functioning and to monitor the extent to which workers improve their ability to meet job demands after a rehabilitation or accommodation program. This will enable healthcare professionals, human resources managers, employers and other stakeholders to support an active and healthy labor force. Moreover, valid outcome measures are needed to assess how workers function at work over the course of their job careers and the existing continuum between working successfully at one extreme and disability and work-absence at the other [7] .
There are a number of tools to measure constructs related with self-perceived work functioning, including the Functional Status Index [8] , the work productivity and activity impairment questionnaire [9] , the health and labor questionnaire [10] , the Endicott Work Productivity Scale [11] , the work ability index (WAI) [12] , the role-based performance scale [13] , the Stanford Presenteeism Scale [14] , the Work Instability Scale [15] , and the Work Activity Limitations Scale [16] .
Since 'being present at work without being able to meet job demands' (presenteeism) [17] is not the same as 'performing work demands successfully', a series of work-role specific functioning questionnaires were developed in the 2000s. Among those, there are different versions of the work limitations questionnaire [18] and the work role functioning questionnaire (WRFQ) [19] .
The WRFQ measures perceived difficulties to perform the job due to health problems. This questionnaire is a generic instrument conceptually developed to represent a wide range of health conditions and work demands. Furthermore, it is freely available in the literature for professionals and researchers. Recently, it has been successfully translated, adapted and validated to be used in different contexts (e.g. Canadian French [20] , Brazilian Portuguese [21] , Dutch [7, 22] and Spanish spoken in Spain [23] ). These versions have shown good psychometric properties in different populations.
Before using an adapted instrument it is important to assess its measurement properties [24] . Recent reviews have shown that health-related work outcome measures and health-related work functioning instruments need better validation studies to make them more meaningful for researchers, practitioners and patients [25, 26] . The crosscultural adaptation of the WRFQ to Spanish was recently carried out, and the questionnaire showed good test-retest reliability (intraclass correlation coefficients, ICCs between 0.77 and 0.93 for all subscales) [23] , but further assessment of the validity and reliability of the questionnaire in a larger sample was recommended.
Therefore, the objective of this study was to examine the reliability and validity of the Spanish version of the WRFQ (WRFQ-SpV) in a general working population of Barcelona (Spain), with and without (physical and mental) health issues.
Methods

Procedures and Sample Characteristics
After carrying out the cross-cultural adaptation of the WRFQ to Spanish spoken in Spain [23] , it was necessary to assess its reliability and validity in a larger sample so that it could be used in both occupational health and rehabilitation settings; hence a cross-sectional study was conducted among active workers of a general working population of Barcelona (Spain). The consensus-based standards for the selection of health status measurement instruments (COS-MIN) taxonomy was used in the study design [27] [28] [29] .
Participants were recruited at a large public hospital in Barcelona, among patients, persons accompanying patients, hospital workers and other workers that were carrying out different duties at the hospital (ambulance drivers, bar tenders, kitchen and cleaning staff). Patients were recruited through the outpatient services of psychiatry, physical medicine and rehabilitation, orthopedic surgery and traumatology. The inclusion criteria were: (1) active workers of both sexes, working at least 10 h per week in the past four weeks, (2) age 18 years and older, and (3) able to read and understand Spanish (the language of the questionnaire). Participants were excluded if they had plans to stop working within the following 6 months.
The study protocol and the informed consent process was reviewed and approved by the Clinical Research Ethical Committee of the Parc de Salut Mar (Barcelona).
All participants received information about the study purpose and signed the informed consent to participate in it.
Measures
The WRFQ-SpV is a self-administered questionnaire containing 27 items grouped into five subscales reflecting different work demands: work scheduling, output, physical, mental and social demands [23] . The recall period is four weeks and each subscale is measured by the percentage of time in a working day the employee has difficulty performing those demands. Response options vary on a fivepoint scale: 0 = all of the time (100 %), 1 = most of the time, 2 = half of the time (50 %), 3 = some of the time, 4 = none of the time (0 %) and 5 = does not apply to my job. For each subscale and for the overall scale, item scores were summed, divided by the number of items included in the subscale (or the overall scale), and then multiplied by 25 to obtain the scores, ranging from 0 % (difficulty all the time) to 100 % (no difficulty at any time). Higher values indicate better work functioning (less disability at work). The scores for ''does not apply to my job'' were transformed to missing values. Scales and/or subscales containing more than 20 % missing values were set to missing.
All participants were invited to complete the WRFQSpV on paper, providing self-reported information on age, gender, level of education (primary, secondary, higher), job type (manual, non-manual, mixed), working hours and primary health condition (none, musculoskeletal, mental, others).
Three single items of the WAI [12] were included in the survey for a convenience subsample of participants, who voluntarily accepted to answer to these items. The first was the overall item 'current work ability compared with the life-time best', with a possible score of 0 = completely unable to work to 10 = work ability at its best. Recent studies showed that this overall single item highly correlates with the overall WAI score [30] and also showed the convergent validity and the similarity in results between the overall WAI scores and the scores of the overall single item of the WAI in large samples of participants [31] . Also, there is an increasing number of studies using the overall single item of the WAI to assess 'work ability' in different populations [7, 30, 32, 33] . The other two items measure work ability in relation to physical and mental job demands, with a possible score of 1 = very poor to 5 = very good, and are questions already validated in the original version of the questionnaire [12] .
Reliability is defined as the degree to which the measurement is free from measurement error and the extent to which scores for participants who have not changed are the same for repeated measurement under several conditions [27, 35] . Since the test-retest reliability of the WRFQ was already assessed in our previous manuscript [23] , in the current manuscript reliability was assessed calculating the standard error of measurement (SEM) and evaluating the internal consistency.
Validity of a questionnaire is the degree to which an instrument truly measures the construct it purposes to measure. Content validity was already assessed in our previous manuscript [23] . Criterion validity cannot be assessed for the WRFQ since 'Work Functioning' is a construct that has not a gold standard. Construct validity refers to whether the instrument provides the expected scores, based on existing knowledge about the construct [35] . There is an international consensus of experts [27] [28] [29] recommending to assess construct validity by means of 'hypotheses testing' and evaluating the 'structural validity'. Structural validity was assessed by means of a confirmatory factor analysis (CFA); and four groups of hypotheses were formulated and tested.
Hypothesis 1 Addressing health issues: 1a) Participants without health issues report higher scores on the overall scale of the WRFQ than those with health issues; 1b) Participants with physical health issues report the lowest score on the subscale of physical demands; 1c) Participants with mental health issues report the lowest score on the subscale of mental demands.
Hypothesis 2 Addressing job types: Participants with physical health issues and manual job report a lower score on the WRFQ subscale of physical demands than those with physical health issues and non-manual or mixed jobs.
Hypothesis 3
Addressing correlation between WRFQ scores and scores of a related construct (work ability): 3a) There are moderate to strong correlations between the score of the overall work ability item of the WAI (that measures a related construct) and the overall score of the WRFQ; 3b) There are moderate to strong correlations between the scores of the mental and physical demands items of the WAI and those of the subscales of physical and mental demands of the WRFQ.
Hypothesis 4
Addressing age: Consistently with other studies finding that both, chronological and functional age, are associated with a decrease in work ability and/or work outcomes [42] [43] [44] [45] [46] , there is a trend on the overall scores of the WRFQ showing worse work functioning with increasing age.
Statistical Analysis WRFQ-SpV mean scores, standard deviations (SD), median scores and ranges were calculated. Floor and ceiling effects were also explored. These effects occur when more than 15 % of the participants' responses to a certain question cluster at the top or the bottom of the scale [34] . Since the original version of the WRFQ was developed for a working population with health problems [19] , and our population contains a percentage of participants declaring no health issues, we carried out a sensitivity analysis of floor and ceiling effects, restricting the sample to only those participants reporting health problems to explore if there were differences in the presence of these effects due to the characteristic of the sample.
Participant scores were presented by job type (manual, non-manual, mixed), reported health issues (none, physical, mental) and groups of age (18-35, 36-45, 46 -55, 56-65 years), assessing the statistical significance of the differences by means of the Kruskall Wallis H test (to compare median scores) and analysis of variance (ANOVA) to compare mean scores. Post-hoc paired analyses (comparing median or mean scores for each of the two groups) were performed to determine which group or groups were responsible for significant differences. When comparing median scores between two groups, MannWhitney test for two independent samples were used, and when comparing mean scores between two groups, t-Tests were used.
Internal consistency was assessed calculating Cronbach alpha coefficients considering appropriate values C0.70 [34] . The standard error of measurement (SEM) was calculated for a stable subgroup of participants (n = 40) that completed the questionnaire twice in similar conditions, within an interval that varied from 7 to 15 days [35] . This subgroup of participants was composed of the first 40 participants of the study who completed the first round and accepted to complete the questionnaire a second time within this interval.
A CFA was conducted testing whether data collected in this general working population (N = 455) had an adequate fit in the predetermined five factor model structure defined by the authors of the original questionnaire [19] . A four factor model structure was also tested because the work limitations questionnaire [18] , designed from the same pool of items to measure on-thejob impact of chronic health problems, has a structure with four factors (one of them named mental-interpersonal) and earlier studies [20, 21, 23] recommended caution when interpreting the internal consistency of the social demands subscale. Thus, we hypothesized it might be necessary to collapse the subscales of mental and social demands into a single factor of psychosocial demands with seven items.
Following recommendations in the literature regarding CFA, we did not use the standard maximum likelihood theory (applicable to continuous variables). Instead, we used the robust categorical least squares (applicable to categorical variables), based on the fact that the observed variables are measured on a Likert scale and the variables are approximately symmetrical [36] [37] [38] .
Rhemtulla [36] suggests that when there is a minimum of five categorical variables in the response options, which is the case of the WRFQ, the CFA could also be assessed applying ''the method of the standard theory of maximum likelihood'' treating these variables as if they were continuous (but we would be at the limit of acceptance of this method). To verify the possible existence of differences depending on the method, calculations were performed applying both methods.
Chi squared tests for goodness of fit, the root mean square error of approximation (RMSEA), the comparative fit index (CFI) and the weighed root mean residual (WRMR) were used to evaluate the models. [39] .
Correlations were evaluated for item-subscale, itemtotal, among subscales and subscale-total, using Pearson's correlation coefficient (r), considering r C 0.40 as evidence of moderate or strong correlations [40, 41] .
For hypotheses testing, significance of the differences among groups were evaluated using the non-parametric Kruskall Wallis H test when comparing differences among median scores and analysis of the variance (ANOVA) when differences among mean scores were compared. Correlations between constructs were assessed using Pearson's correlation coefficient (r) interpreting: r \ 0.4='weak'; 0.4 B r B 0.7='moderate' and r [ 0.7='strong' [41] .
All analyses were performed with SPSS (Version 15.0. Chicago, IL, USA; 2006) and Mplus (Version 7. Los Angeles, CA, USA; 2012).
Results
Sample Characteristics
Four hundred fifty-five participants completed the WRFQSpV and were included in the analyses. All were active employees working an average of 39 h per week (SD = 8.5), mean age of 42 years (SD = 11) and with different levels of education, job types and health issues (Table 1) . Compared with the general Spanish working population, women and participants with higher educational level were overrepresented [47] . A subgroup of 181 participants also completed the WAI items [Supplementary materials (1)]. Table 2 shows the mean, SD and median scores for each WRFQ-SpV subscale and the overall scale. Mental and social demands subscales scored the highest mean and median, and the output demands subscale scored the lowest.
Floor effects were not found for any subscale, but ceiling effects were found for the subscales of work scheduling (20 %), mental (29 %) and social demands (31 %), exceeding the 15 % criterion [34] . A sensitivity analysis was carried out, restricting the sample to only those participants reporting health problems (n = 299; 66 % of the sample), and ceiling effects also appeared for the same subscales.
Reliability Assessment
The SEMs were 7.1 for the overall score, 8. 90 % = 0.08-0.09) for the five and four factor models respectively. The comparative fit index (CFI) was 0.97 for both factor structures, and the weighed root mean residual (WRMR) were 1.5 and 1.6 for the five and four factor models respectively. The results of the CFA applying the method of the standard theory of maximum likelihood for continuous variables also showed fair fit for the five factor model (Chi square, 1,445.8; 314 degrees of freedom, p \ 0.001) and mediocre for the four factor model (Chi square, 1,546.2; 318 degrees of freedom, p \ 0.001). RMSEA were 0.08 (CI 90 % = 0.08-0.09) and 0.09 (CI 90 % = 0.08; 0.09) for the five and four factor models respectively. All Pearson's correlations (item-subscale, item-total, among subscales and subscale-total) were C0.40 (moderate to strong) and considered appropriate [41] (Table 3) .
Construct Validity Assessment by Hypotheses Testing
Participant median scores by job type (manual, non-manual, mixed) and existing health condition (none, physical, mental) are shown in Table 4 . Table 4 and the post hoc paired analyses, presented in Supplementary materials (3), showed that participants without health issues had statistically significant higher overall scores than those with mental health issues and those with physical health issues, confirming hypothesis 1a.
Participants with physical health issues showed the lowest score on the subscale of physical demands (median score = 64), confirming hypothesis 1b (Table 4) .
Respondents with mental health issues obtained the lowest score on the subscale of mental demands (median score = 63), confirming hypothesis 1c (Table 4) .
Confirming hypotheses 1a, 1b, 1c and 2 showed that the instrument has ability to differentiate between workers with and without physical or mental health problems.
Participants with physical health issues and manual job reported a statistically significant lower score on the WRFQ subscale of physical demands (median score = 54; p = 0.021) compared to those with physical health issues and non-manual (median score = 67; p = 0.021) or mixed jobs (median score = 71; p = 0.021), confirming hypothesis 2 [Supplementary material (4)]. A strong correlation was found between the overall WAI item score and the overall score of the WRFQ (0.71), and moderate correlations were found between the physical and mental demands items of the WAI and the WRFQ subscales of physical and mental demands (0.62 and 0.67 respectively). These correlations confirm hypothesis 3a and 3b (Table 3) . Table 5 shows the mean scores and SD of the WRFQSpV by age groups for each subscale and the overall scale, revealing a trend of worse work functioning with increasing age in the overall scores. The group of oldest participants (56-65 years) showed higher mean scores on work scheduling and mental demands than workers aged 46-55 years, and the main decrease in the mean scores for the oldest workers (56-65 years) appeared to be on physical demands, although these differences were not significant.
Post-hoc paired analyses, exposed in Supplementary material (5) , showed that the differences in the median scores for the overall scale between the group of 18-35 years and the group of 36-45 were not significant (p = 0.267). They appeared to be significant for the youngest group (18-35 years) compared with the group of 46-55 years (p = 0.032) and the group of 56-65 years (p = 0.005). Decreases in physical and social demands appeared to be significant in these paired analyses, except for the comparison of physical demands between the groups of 18-35 and 36-45 years. Other post hoc paired analyses evaluating differences in the median scores between groups of 36-45, 46-55 and 56-65 years did not show statistically significant differences, except for the decrease in physical demands, concluding that hypothesis 4 was (partially) confirmed.
Discussion
The WRFQ-SpV is a brief and easily interpretable questionnaire to measure health-related work functioning, that is freely available in different languages [7, 20, 21, 23] .
Results indicate it has excellent internal consistency for the overall scale (Cronbach alpha = 0.98) and for all subscales (Cronbach alpha [0.81) and also showed adequate structural and construct validity in the study population, where healthy workers and also workers with different health issues, job types, working hours, levels of education, sexes and ages have participated.
In a recent study conducted by our group [23] , the Spanish version of the questionnaire showed adequate cross-cultural validity and test-retest reliability. Those results, together with our current results, support that the WRFQ-SpV is a reliable and valid instrument to measure work functioning.
Percentages of missing items in the responses for the overall scale did not exceed 3 %, but for the subscale of physical demands we reported 30 % missing items. This can be explained by the frequent use in this subscale of the response option 'does not apply to my job' that, according to the questionnaire use instructions, had to be transformed to missing values. The subscale of physical demands contained 3.5 % (n = 16) real missing items.
The observed ceiling effects for the subscales work scheduling, mental and social demands indicate a lack of discriminative ability of certain items when differentiating workers with good health and working. These results are consistent with other studies that also found ceiling effects for the subscales of mental and social demands [7, 20, 23] . According to de Vet et al. [35] one explanation could be that, differently from the original version, that was developed for a working population with health problems [19] , we included a percentage of participants (34 %) who reported not having any health problem. To explore this possibility, we carried out a sensitivity analysis, restricting the sample to only those reporting health problems (n = 299; 66 % of the sample), and ceiling effects also appeared for the same subscales.
Our results on reliability were consistent with other studies. We found similar SEM and Cronbach alpha for the overall scale and for all subscales when compared to the validated Dutch version [7] . The CFA showed a better fit for the original five factors structure compared with the four factors structure, applying the method of ''the robust categorical least squares'', but Rhemtulla [36] suggests that the CFA could also be assessed applying ''the method of the standard theory of maximum likelihood'' treating these variables as if they were continuous. To verify the possible existence of differences depending on the method, calculations were performed applying both methods, obtaining similar results.
Based on participant suggestions and the literature, the Dutch version added a new subscale (flexibility demands) not present in the original version, modifying five items after an exploratory factor analysis [7] . This feature did not arise during the interviews conducted in the translation process and cross-cultural adaptation to Spanish spoken in Spain [23] . However, we do not know whether this could hinder comparisons between different countries or cultures.
The hypotheses that addressed health issues were confirmed, verifying that both workers reporting physical and mental health problems showed lower scores than those who reported no health problems; workers with physical and mental health problems showed the lowest scores for physical and mental demands respectively and moderate to strong correlations were found with the three single WAI items, providing evidence of adequate construct validity. Again, these results are consistent with the validation study of the Dutch version [7] , comparing the correlations between the WRFQ and other related constructs ('work ability', 'work productivity', 'work engagement' and 'work involvement').
This study shows that the WRFQ-SpV is able to distinguish among different groups of job types, health conditions and ages. For the overall scores, a significant trend for worse work functioning scores with increasing age (p = 0.026) was found (hypothesis 4), consistent with other studies finding that both, chronological and functional age, are associated with a decrease in work ability and/or work outcomes [42] [43] [44] [45] [46] . This trend was clear for physical functioning, output and social demands, but was not so clearly present for work scheduling and mental demands, indicating the construct 'work functioning' is not entirely explained by chronological age [7, 45] . This could mean that there are other qualities that older workers might bring into the workplace (e.g. efficiency, management and scheduling, expertise and experience and other more qualitative aspects) and other age concepts (e.g. functional age, personal perceived age or biological age) should be analyzed. The ''healthy worker effect'' could also be playing a role explaining why this trend of worse work functioning does not appear for certain subscales. Chronically ill and disabled workers are usually excluded from employment [48] , and therefore the older workers who remain in their jobs are likely those with better health and therefore better work functioning.
Consistent with prior WRFQ analyses, correlations for item-subscale, item-total, among subscales and subscaletotal were evaluated and found to be appropriate [7, 20, 21, 23] .
Our measurement property results are consistent with the Canadian French and Brazilian Portuguese WRFQ cross-cultural adaptation [20, 21] . In both studies, the validation study was carried out in populations with musculoskeletal disorders, concluding that the adapted WRFQ versions were reliable. Only one study was found that assessed the responsiveness of the WRFQ, conducted in a relatively small, stable and healthy population, without any intervention between the first and the second test, so that the number of workers reporting change was very small [7] . Other longitudinal studies with larger samples, designed to expect changes in participants, should be carried out to assess WRFQ responsiveness.
In conclusion, our study provides evidence of the reliability and validity of the WRFQ-SpV to measure healthrelated work functioning in day-to-day practice and research in occupational health care and the rehabilitation of disabled workers. It should be useful to monitor improvements in work functioning after implementing rehabilitation and/or accommodation programs. Longitudinal studies are needed to assess the responsiveness of the questionnaire.
